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Transverse spherocity is an event shape observable having a very unique capability to separate the
events based on their geometrical shapes. Recent results from experiments at the LHC suggest that
transverse spherocity is an important event classifier in small collision systems. In this work, we
use transverse spherocity for the first time in heavy-ion collisions and perform an extensive study
on azimuthal anisotropy of charged particles produced in Pb-Pb collisions at
√
sNN = 5.02 TeV
using A Multi-Phase Transport Model (AMPT). The azimuthal anisotropy is estimated using the 2-
particle correlation method, which suppresses the non-flow effects significantly with an appropriate
pseudorapidity gap of particle pairs. The results from AMPT are compared with estimations from
PYTHIA8 (Angantyr) model and it is found that with the chosen pseudorapidity gap the residual
non-flow effects become negligible. We found that the high spherocity events have nearly zero elliptic
flow while low spherocity events contribute significantly to elliptic flow of spherocity-integrated
events. Our studies indicate that using transverse spherocity in heavy-ion collisions, one can enhance
and/or suppress the collective effects.
I. INTRODUCTION
Quark Gluon Plasma (QGP), a deconfined state of
quarks and gluons, is believed to be produced in ultra-
relativistic heavy-ion collisions at the Large Hadron
Collider (LHC) at CERN, Switzerland and Relativistic
heavy-ion collider (RHIC) at BNL, USA. However, due
to its very short lifetime we do not have any direct ev-
idence of possible QGP formation, instead several in-
direct signatures such as strangeness enhancement, di-
rect photon measurements, elliptic flow, suppression of
charmonia etc. suggest that the formation of QGP is
highly probable in such collisions. Traditionally, the re-
sults from collisions of protons are considered as a base-
line to understand the nuclear medium formation and its
characterization in heavy-ion collisions [1]. Recent mea-
surements of heavy-ion-like behaviours such as ridge-like
structures [2] and strangeness enhancement [3] in pp colli-
sions at the LHC, have created concerns in the heavy-ion
physics community. To understand the dynamics of small
collision systems, an event shape observable, transverse
spherocity, has been introduced recently [4–11]. From
these studies, it was observed that transverse spherocity
has very unique capability to separate the events based
on their geometrical shapes, i.e. jetty and isotropic in
small collision systems. Also, the preliminary measure-
ment by ALICE collaboration at the LHC suggests that
using transverse spherocity one can increase/decrease the
enhanced production of strangeness in high-multiplicity
pp collisions by separating the event types [12]. After its
successful implementation in small collision systems [13],
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the use of transverse spherocity in heavy-ion collisions
may reveal new and unique results from heavy-ion colli-
sions where the production of a QGP medium is already
established. Event shape study based on transverse sphe-
rocity in heavy-ion collisions will also complement the
current event shape approach based on flow vector in
LHC experiments [14].
Studies of the azimuthal anisotropy of particle produc-
tion via anisotropic flow contribute significantly to the
characterization of the system formed in heavy-ion colli-
sions [15, 16]. Presence of finite anisotropic flow at the
LHC is ascribed primarily to the response of produced
QGP to fluctuations of the initial energy density profile
of the colliding nucleons. Elliptic flow measures the mo-
mentum anisotropy of the final state particles, which is
sensitive to the initial geometry of the overlap region and
to the transport properties and equation of state of the
system. It is defined as the second-order Fourier coeffi-
cient of the particle azimuthal distribution [17]. Based on
the anisotropic flow studies, it has been shown that the
shear viscosity to entropy density ratio of the QGP pro-
duced in ultra-relativistic heavy-ion collisions at RHIC
and LHC has a value close to 1/4pi, which is the lower
bound obtained in strong-coupling calculations based on
the AdS/CFT conjecture [18]. This study has revealed
QGP as a “perfect fluid” found in nature [19].
In this work, we use transverse spherocity for the
first time in heavy-ion collisions and perform an exten-
sive study on azimuthal anisotropy of charged particles
produced in Pb-Pb collisions at
√
sNN = 5.02 TeV us-
ing A Multi-Phase Transport Model (AMPT) [20]. The
purpose of the present analysis is to introduce a multi-
differential method to study the dynamics of heavy-ion
collisions using transverse spherocity and collision cen-
trality for the first time. Thus, we have used the default
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2parameterization available in AMPT model. Also, for
a cross-check, the results of elliptic flow are compared
with PYTHIA8 (Angantyr) model [21], where one does
not expect finite elliptic flow after removal of non-flow
effects. We believe that the present analysis would mo-
tivate experimentalists to pursue such a novel method in
experiments at RHIC and the LHC. To match with the
experimental data, one can vary the tunes of the AMPT
model, which is out of the scope of this manuscript. How-
ever, we also show a comparison of the results of default
settings from string melting mode of AMPT with the
experimental data, wherever possible.
The paper is organised as follows. We begin with a
brief introduction and motivation for the study in Sec-
tion I. In Section II, the detailed analysis methodology
along with brief description about AMPT and PYTHIA
(Angantyr) are given. Section III discusses about the
method of calculation of elliptic flow and discussion on
results. Finally the results are summarized in Section IV.
II. EVENT GENERATION AND ANALYSIS
METHODOLOGY
In this section, we begin with a brief introduction on
the event generators used in this analysis. Then, we pro-
ceed to define the transverse spherocity before perform-
ing a detailed analysis.
A. A Multi-Phase Transport (AMPT) model
A Multi-Phase Transport Model contains four compo-
nents namely, initialization of collisions, parton trans-
port after initialization, hadronization mechanism and
hadron transport [20]. The initialization of the model is
done using HIJING [22], which calculates the differential
cross-section of the produced mini-jets in pp collisions.
Then, the produced partons calculated in pp collisions
is converted into A-A and p-A collisions by incorporat-
ing parametrized shadowing function and nuclear overlap
function using inbuilt Glauber model within HIJING.
Similarly, initial low-momentum partons are produced
from parametrized coloured string fragmentation mech-
anisms. Initial low-momentum partons are separated
from high momentum partons by a momentum cut-off.
The produced particles are initiated into parton trans-
port part, Zhangs Parton Cascade (ZPC) model [23].
In the String Melting version of AMPT (AMPT-SM),
melting of colored strings into low momentum partons
take place at the start of the ZPC. It is calculated us-
ing Lund FRITIOF model of HIJING. The resulting par-
tons undergo multiple scatterings which take place when
any two partons are within distance of minimum ap-
proach. In AMPT-SM, the transported partons are fi-
nally hadronized using coalescence mechanism [24]. The
produced hadrons further undergo final evolution in a rel-
ativistic transport mechanism [25, 26] via meson-meson,
meson-baryon and baryon-baryon interactions. There is
also a default version of AMPT, where instead of coalesc-
ing the partons, fragmentation mechanism using Lund
fragmentation parameters a and b are used for hadroniz-
ing the transported partons. However, the particle flow
and spectra at the mid-pT regions are well explained by
quark coalescence mechanism for hadronization [27–29].
Thus, we have used AMPT-SM mode (AMPT version
2.26t7) for all of our calculations in our current work.
The AMPT settings in the current work, are same as re-
ported in Ref. [30] and they are set to default settings
of AMPT-SM mode. For the input of impact parameter
values for different centralities in Pb-Pb collisions, we
have used Ref. [31]. One should note here that, high cen-
tral collisions correspond to low impact parameter val-
ues and higher final state charged-particle multiplicity
(〈dNch/dη〉).
B. PYTHIA8 (Angantyr)
PYTHIA8 [32] is a parton-based event generator,
which is a widely known Monte Carlo generator for high-
energy collider physics with an emphasis on pp collisions.
It is incorporated with several known physics mechanisms
for e+e−, pp and pp¯ collisions like hard and soft interac-
tions, parton distributions, initial- and final-state parton
showers, multipartonic interactions (MPI), string frag-
mentation, color reconnection and resonance decays. The
main event of a pp collision in PYTHIA is represented by
2-to-2 matrix elements with hard parton scatterings (de-
fined at the leading order) and it is complemented by the
leading-logarithmic approximation of parton showers. It
also contains the underlying event, which includes beam-
remnants, MPI, initial state and final state radiation.
The hadronization is done using the Lund string frag-
mentation model and in the Color Reconnection (CR)
picture of the model, the strings between partons can be
rearranged.
In the latest versions, PYTHIA8 includes Angantyr
model for the prediction of results in heavy-ion collisions.
The main idea of Angantyr in PYTHIA is to extrapolate
the pp dynamics, as described by the model for MPIs and
underlying events in the PYTHIA8, to heavy-ion colli-
sions, retaining as much information as possible from pp
collisions [21]. In order to make predictions for heavy-ion
collisions, different components of a standard PYTHIA8
simulation was modified and it was tuned with the re-
sults from e+e−, pp and pp¯ collisions, which is discussed
in Ref. [21]. Thus, the current model retains the produc-
tion mechanisms from small collision systems. So, it is
evident that Angantyr does not include an assumption of
a hot thermalised medium. Therefore, it can serve as a
baseline for understanding the non-collective background
to observables sensitive to collective behavior. We shall
discuss about the comparison of the two particle ellip-
tic flow coefficient in minimum bias Pb-Pb collisions at√
sNN = 5.02 TeV from AMPT and PYTHIA8 (Angan-
3tyr) in Section III. We have used the default settings of
PYTHIA version 8.235 [21] in our current work.
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FIG. 1: (Color Online) Spherocity distributions for different
centrality classes in Pb-Pb collisions at
√
sNN = 5.02 TeV.
C. Transverse Spherocity
Transverse spherocity is an event property which is
defined for a unit vector nˆ(nT , 0) that minimizes the ra-
tio [4, 5]:
S0 =
pi2
4
(
Σi |~pTi × nˆ|
Σi pTi
)2
. (1)
By restricting it to the transverse plane, transverse
spherocity becomes infrared and collinear safe [7]. By
construction, the extreme limits of transverse spherocity
are related to specific configurations of events in trans-
verse plane. The value of transverse spherocity ranges
from 0 to 1, which is ensured by multiplying the normal-
ization constant pi2/4 in Eq. 1. In pp collisions [13], trans-
verse spherocity becoming 0 means, the events are pencil-
like (back-to-back structure) and called as jetty events,
while 1 would mean the events are isotropic. The jetty
events are usually the hard events while the isotropic ones
are the result of soft processes.
Here onwards, for the sake of simplicity the transverse
spherocity is referred as spherocity. To disentangle the
low and high spherocity events from the average-shaped
events, we have applied spherocity cuts on our gener-
ated events. The spherocity distributions are selected in
the pseudo-rapidity range of |η| < 0.8 with a minimum
constraint of 5 charged particles with pT > 0.15 GeV/c
to recreate the similar conditions as in ALICE experi-
ment at the LHC. The spherocity distributions for dif-
ferent centrality classes for Pb-Pb collisions at
√
sNN =
5.02 TeV are shown in Fig. 1. We observe that the
spherocity distributions are shifted towards one from
peripheral to central collisions. This effect is an arte-
fact of increasing final state charged-particle multiplicity
from peripheral to central collisions. Low-S0 and high-
S0 are chosen with 20% cuts on spherocity distributions
in left and right side, respectively in Pb-Pb collisions at√
sNN = 5.02 TeV for different centrality classes. The
limits for low-S0 and high-S0 can be seen in Table I.
TABLE I: Low 20 % and high 20% cuts on spherocity distri-
bution in Pb-Pb collisions at
√
sNN = 5.02 TeV for different
centrality classes.
Centrality
(%)
Low-S0 High-S0
0-10 0 – 0.880 0.953 – 1
10-20 0 – 0.813 0.914 – 1
20-30 0 – 0.760 0.882 – 1
30-40 0 – 0.735 0.869 – 1
40-50 0 – 0.716 0.865 – 1
50-60 0 – 0.710 0.870 – 1
60-70 0 – 0.707 0.873 – 1
70-100 0 – 0.535 0.822 – 1
Figure 2 shows the transverse momentum space corre-
lation (py vs. px) in different spherocity classes for (40-
50)% Pb-Pb collisions at
√
sNN = 5.02 TeV in AMPT
model. The spherocity-integrated events clearly show the
presence of spatial anisotropy in the initial stage due to
the initial almond shape of nuclear overlap region in semi-
central collisions. Due to high pressure gradient along x-
axis, particles emerging along x-axis carry more momen-
tum than y-axis (px > py). This indicates the presence
of elliptic flow. Now, with different spherocity classes
the transverse momentum space correlation can be var-
ied as seen in Figure 2. The events with high spheroc-
ity values show a circular transverse momentum space
correlation implying almost zero azimuthal anisotropy.
However, with varying the spherocity cuts from high to
low, the transverse momentum space correlation becomes
more elliptical, which implies the presence of finite elliptic
flow in low spherocity event classes. This is a testimony
that spherocity is a unique tool to vary the collective
effects in heavy-ion collisions.
III. RESULTS AND DISCUSSIONS
The anisotropic flow of different order can be charac-
terized by the coefficients (vn), which are obtained from
a Fourier expansion of the momentum distribution of the
charged particles. It is given by,
E
d3N
d3p
=
d2N
2pipTdpTdy
(
1 + 2
∞∑
n=1
vn cos[n(φ− ψn)]
)
.
(2)
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FIG. 2: (Color Online) Transverse momentum space correlation (py vs. px) in different spherocity classes for (40-50)% Pb-Pb
collisions at
√
sNN = 5.02 TeV in AMPT model. Here, z-axis is the beam direction.
Here, φ is the azimuthal angle in the transverse momen-
tum plane and ψn is the n
th harmonic event plane an-
gle [33].
Taking n = 2 in Eq. 2 gives the second order harmon-
ics in the expansion and its coefficient, v2 is calculated
to provide the measure of the elliptic flow or azimuthal
anisotropy. Thus, v2 is defined as:
v2 = 〈cos(2(φ− ψ2))〉 (3)
Obtaining the event plane angle is nearly impossi-
ble in real experiments. Thus, to compare with ex-
perimental data, we use two-particle correlation analy-
sis to calculate the elliptic flow as obtained in exper-
iments [14, 15, 34, 35]. The two-particle correlation
method has an added advantage as by construction with
a proper pseudo-rapidity cut, it would remove the resid-
ual non-flow effects in the elliptic flow. Non-flow effects
are azimuthal correlations usually arise from jets and res-
onance decays, which are not associated with the sym-
metry planes.
The related observable for studying the properties of
the medium is the correlation function between two par-
ticles in relative pseudorapidity (∆η = ηa − ηb) and
azimuthal angle (∆φ = φa − φb). The labels a and b
denote the two particles in the pair, which are selected
from different transverse momentum intervals. The two
particle correlation function (C(∆η,∆φ)) can be con-
structed as the ratio of distributions for same-event pairs
(S(∆η,∆φ)) and mixed-event pairs (B(∆η,∆φ)), given
by:
C(∆η,∆φ) =
S(∆η,∆φ)
B(∆η,∆φ)
(4)
Here, mixed-event background ensures there is no non-
uniformity and improves pair acceptance. For mixed-
event background, five events are randomly chosen, hence
it contains no physical correlations. As the primary aim
is to obtain the anisotropy in azimuthal direction, this
analysis focuses mainly on the shape of the correlation
function in ∆φ. Thus the 1D correlation function for ∆φ
is given as;
C(∆φ) =
dNpairs
d∆φ
= A×
∫
S(∆η,∆φ)d∆η∫
B(∆η,∆φ)d∆η
. (5)
Here, the normalization constant (A) is given as
Nmixedpairs /N
same
pairs . N
mixed
pairs and N
same
pairs are the number of
mixed-event pairs and same-event pairs, respectively in
a chosen pseudorapidity gap of particle pairs used in the
analysis. This scaling is applied to ensure that the num-
ber of pairs will be similar for same-events (S) and mixed-
events background (B).
Now, the pair distribution (Npairs) can be expanded in
∆φ into a Fourier series:
dNpairs
d∆φ
∝ 1 + 2
∞∑
n=1
vn,n(p
a
T, p
b
T) cosn∆φ. (6)
Here, vn,n is the two-particle flow coefficient. Each one
dimensional correlation function (Eq. 5) is then expanded
into a Fourier series according to the above equation
(Eq. 6), given as:
C(∆φ) ∝ [1 +
∑
n
2vn,n(p
a
T, p
b
T)cos(n∆φ)]. (7)
Now, vn,n is calculated directly via a discrete Fourier
transformation, given as
vn,n(p
a
T, p
b
T) = 〈cos(n∆φ)〉
=
∑N
m=1 cos(n∆φm)× C(∆φm)∑N
m=1 C(∆φm)
, (8)
where, N = 200 is the number of ∆φ bins in the range
−pi/2 < ∆φ < 3pi/2. Here, vn,n are symmetric functions
with respect to paT and p
b
T. The definition of harmonics
given in Eq. 2 also enters to Eq. 6, which can be written
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FIG. 3: (Color Online) Two particle elliptic flow co-efficient
(v2,2(p
a
T , p
b
T )) as a function of p
a
T for low-S0 (red triangles),
high-S0 (blue squares) and spherocity-integrated (black cir-
cles) events in minimum bias Pb-Pb collisions at
√
sNN = 5.02
TeV in PYTHIA (full markers) and AMPT (empty mark-
ers). For the comparison and to have enough participants, the
events are chosen with more than 20 charged-particle multi-
plicities in mid-rapidity (|η| < 0.8).
as;
dNpairs
d∆φ
∝ 1 + 2
∞∑
n=1
vn(p
a
T)vn(p
b
T) cosn∆φ. (9)
By this definition, the event plane angle drops out in
convolution. So, if the azimuthal anisotropy is driven by
collective expansion then vn,n should factorize into the
product of two single-particle harmonic coefficients [36–
38].
vn,n(p
a
T, p
b
T) = vn(p
a
T)vn(p
b
T). (10)
From the above equation, vn is calculated as,
vn(p
a
T) = vn,n(p
a
T, p
b
T)/
√
vn,n(pbT, p
b
T). (11)
As mentioned before, for the calculation of elliptic
flow one needs to remove the residual non-flow effects.
This can be achieved with a proper selection of pseu-
dorapidity gap between particle pairs. For this reason,
we have compared our results with the predictions from
PYTHIA8 (Angantyr) model. Figure 20 of Ref. [21]
shows that the measurement of elliptic flow coefficient
without any pseudo-rapidity gap are significantly affected
by non-flow effects. With pseudorapidity gap |∆η| > 1,
one can reduce around 20% of non-flow contribution,
but the presence is still significant. Although, it is
quite small, but it may affect our study based on event-
shape. Thus, we use even higher pseudorapidity gap of
2 < |∆η| < 4.8 as used in Ref. [14] by ATLAS collab-
oration. For consistency with Ref. [14], we have also
chosen similar charged-particles’ transverse momentum
interval of 0.5 to 5 GeV/c and pseudorapidity window of
|η| < 2.5 to ensure a wider pseudorapidity gap of particle
pairs. Figure 3 shows two particle elliptic flow co-efficient
(v2,2(p
a
T, p
b
T)) as a function of p
a
T for low-S0 (red trian-
gles), high-S0 (blue squares) and spherocity-integrated
(black circles) events in minimum bias Pb-Pb collisions
at
√
sNN = 5.02 TeV in PYTHIA (full markers) and
AMPT (empty markers). Since Angantyr in PYTHIA8
produces a full final state, it allows for the calculation
of elliptic flow coefficients, even in the absence of col-
lective effects, giving an estimation of the presence of
non-flow effects. The comparison with the results from
AMPT with PYTHIA (Angantyr) will give an estimation
of remaining non-flow contribution in the AMPT results
and this comparison is very essential for the event shape
studies as by construction the low-S0 events may have
significant non-flow effects. The comparison in Fig. 3
shows that the non-flow effects with pseudorapidity gap
of 2 < |∆η| < 4.8 is quite negligible and it does not
affect the event shape studies. Due to the absence of col-
lective effects in PYTHIA (Angantyr), the studies based
on spherocity do not show any variation in two particle
elliptic flow co-efficient for low-S0 and high-S0 events.
However, as AMPT includes collective effects, one can
clearly see the variation of two particle elliptic flow co-
efficient for low-S0 and high-S0 events. This suggests
that spherocity is a unique tool to enhance/suppress the
collective effects. Keeping above methods in mind, we
now proceed for the estimation of one dimensional az-
imuthal correlation, v2,2(p
a
T, p
b
T) and v2(p
a
T) for different
spherocity and centrality classes in Pb-Pb collisions at√
sNN = 5.02 TeV.
Figure 4 shows one dimensional azimuthal correlation
of charged particles for low-S0 (red triangles), high-S0
(blue squares) and spherocity-integrated (black circles)
events in Pb-Pb collisions at
√
sNN = 5.02 TeV for 0-
10% (top), 40-50% (middle) and 60-70% (bottom) cen-
trality classes using AMPT model. The one dimen-
sional azimuthal correlation functions are calculated for
2 < |∆η| < 4.8 in the transverse momentum range of the
particle pairs from 0.5 to 5 GeV/c. Figure 4 suggests that
the magnitude of the modulation correlates strongly with
spherocity, which reflects the fact that using spherocity
one can differentiate events based on geometrical shapes.
From the comparison of 1D correlation plots across cen-
trality classes, one can observe that the correlation is
stronger in semi-central collisions compared to most pe-
ripheral and most central collisions. While going from
central to peripheral collisions, double peaks for away
side (∆φ ∼ pi) appears for high-S0 events. This struc-
ture may reflect the residual contribution of the triangu-
lar flow [14]. The behavior seen in Figure 4 is analogous
to the behavior observed in Ref. [14], where flow vector
was used to study the event shape dependence.
Figures 5 and 6 show two particle (v2,2(p
a
T, p
b
T))
and single particle (v2(p
a
T)) elliptic flow co-efficients of
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FIG. 4: (Color Online) One dimensional azimuthal correlation
of charged particles for low-S0 (red triangles), high-S0 (blue
squares) and spherocity-integrated (black circles) events in
Pb-Pb collisions at
√
sNN = 5.02 TeV for 0-10% (top), 40-
50% (middle) and 60-70% (bottom) centrality classes using
AMPT model.
charged particles as a function of paT, respectively for dif-
ferent spherocity classes in Pb-Pb collisions at
√
sNN =
5.02 TeV for 0-10% (top), 40-50% (middle) and 60-70%
(bottom) centrality classes using AMPT model. The el-
liptic flow coefficients are calculated for pseudo-rapidity
gap of 2 < |∆η| < 4.8 in the transverse momentum
range of the particle pairs from 0.5 to 5 GeV/c. As
we move from 0-10% to 40-50% central collisions, two
particle and single particle elliptic flow co-efficient for
spherocity-integrated events increase and become max-
imum for mid-central collisions. However, the values
slightly decrease if we move further towards peripheral
collisions. For most central collisions, the system has
less initial spatial anisotropy, thus it has less value of v2.
In most peripheral collisions, the nuclear overlap region
at the collision point decreases and the size as well as
the density of participating partons also decrease. So,
less number of particles emerge from this type of colli-
sions can not carry the effect of v2 till the final state.
But, in case of mid-central collisions, the system has fi-
nite spatial anisotropy and the nuclear overlap region has
enough participants, hence the produced system has the
maximum v2. The qualitative centrality dependent trend
of v2 is similar with the experimental results discussed in
Refs. [14, 34, 39].
Now, coming to the different event types based on
transverse spherocity, we observe that the contribution
towards v2,2 is mostly dominated by the low-S0 events.
It can be seen in Fig. 5. An interesting point to notice is
that, high-S0 events have almost zero v2,2. This clearly
shows that the types of events have important role to-
wards the initial state anisotropy in the system. high-S0
events showing less v2,2 is a testimony of transverse sphe-
rocity successfully separating low-S0 and high-S0 events
through proper event topological selections. The process
of isotropization, resulting in events with higher probabil-
ity of high-S0 events diminishes the azimuthal anisotropy
in the final state. Figure 6 shows the v2 estimated from
v2,2 for low-S0 and spherocity-integrated events. As the
high-S0 events have nearly zero v2,2, it becomes nearly
impossible to calculate the v2 using the Eq. 11 as the
denominator becomes nearly zero.
Figure 6 clearly shows that the low-S0 events domi-
nate the elliptic flow contribution even after the removal
of residual non-flow effects. These results along with
the preliminary measurements by ALICE collaboration
at the LHC [12] suggests that using spherocity one can
enhance/suppress the collective effects in both heavy-ion
and pp collisions. The results based on spherocity also
complements the analysis based on flow vector [14].
As, the elliptic flow results from experiments at similar
pseudorapidity gap for Pb-Pb collisions at
√
sNN = 5.02
TeV are currently not available, we have compared the
results of spherocity-integrated events from AMPT with
the published results with ALICE at the LHC [34] mea-
sured in a pseudorapidity gap of |∆η| > 1. So, ALICE
results may have slightly higher non-flow effects than the
AMPT results [21]. Also, the event selection is a bit
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the calculation of spherocity, the events are chosen with
at least five charged particles while no such cuts were
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used for the event selection in ALICE. Due to the above-
mentioned reasons, one may expect slightly different val-
ues of elliptic flow in our case compared to the ALICE
results. Figure 7 shows the comparison of AMPT pre-
dictions and ALICE results, which indicates that default
settings of SM mode of AMPT gives a good prediction
for the experimental data within uncertainties. To accu-
rately match with the experimental data, one can vary
the tunes of the AMPT model, which is out of the scope
of this manuscript. It would be very interesting to see
how our results as a function of spherocity compare with
future experimental data. Thus, it is quite apparent that
the current study will act as very nice baseline for future
event shape dependence experimental work in heavy-ion
collisions.
IV. SUMMARY
In summary, we report the first implementation of
transverse spherocity analysis for Pb-Pb collisions at√
sNN = 5.02 TeV at the Large Hadron Collider using A
Multi-Phase Transport Model (AMPT). The results show
that transverse spherocity successfully differentiates the
heavy-ion collisions’ event topology based on their ge-
ometrical shapes i.e. high-S0 and low-S0. The com-
parison of the predictions from AMPT and PYTHIA8
(Angantyr) suggests that our results of elliptic flow are
almost free from the residual non-flow effects. The el-
liptic flow as a function of transverse spherocity shows
that the high-S0 events have nearly zero elliptic flow
while low-S0 events contribute significantly to elliptic
flow of spherocity-integrated events. Thus, using trans-
verse spherocity one can enhance/suppress the collective
effects in heavy-ion collisions at the LHC. We believe
that the results are very encouraging and an experimen-
tal exploration in this direction would be highly helpful
to understand event topology dependence of system dy-
namics.
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